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[57] ~ ABSTRACT

A physical-rehabilitation and exercise apparatus de-
signed to aid in rehabilitating disabled individuals, par-
ticularly stroke victims who have been partially para-
lyzed. The apparatus is defined by a frame structure
having an adjustable seat which incorporates individu-
ally operable right and left arm-control actuators, and
right and left leg-control actuators. The arm-control
actuators together with the leg-control actuators are
adjustably slidable so as to provide a reciprocal longitu-
dinal action which is determined by the proper selection
of valves within a hydraulic system that includes a plu-
rality of cylinders, each being integrally formed as part

| - of the respective arm and leg control actuators,
s ‘U.S. PATENT DOCUMENTS whereby a series of sequential operations can be se-
3, 976 058 8/1976 THAWEIl .oorovsercrresrrere 128/25 R lected by the user to provide the necessary movement

| . Przmary Exammer-—-—-—-Rlchard J. Apley for exercising the disabled limb or imbs.

e .5519;;5;? i Assistant Examiner—James Prizant

| Attamey, Agenr or Fzrm—-—-—Franc:s X. LoJacono

8 Claims, 9 Drawing Figures
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L § ; -PHYSICAL-REHABILITATION AND EXERCISING

APPARATUS

BACKGROUND 'OF THE INVENTION
1 Field Of the Invention

S e __Thls_, invention relates: generally to an exercising de-
oo vice; and more particularly to a combination physical-
.- rehabilitation and exercising apparatus to aid handi-
w.i . capped or disabled individuals in developing a program
©0oo . of selective physical therapy, whereby the healthy

oo limbs:cooperate with the apparatus to exercise the dis-
-'-abled limbs. -

2. Descrlptmn of the Prior Art

“wio0 . Variousproblems and difficulties are being encoun- .
ff -te’red in providing suitable exercising machines for the
S disabled and the handlcapped particularly with respect
i;.ito stmke victims.

- Many types of exercising devices are available as a

. meansfor assisting individuals to physically improve or
Wil tosustain their bodies in a healthy condition. However,
o these known devices are generally designed for those
. . who are not physically disabled or handicapped. Thus,
2. such devices have features that usually restrict their use
i ... tothose individuals who are capable of using all of their
i limbs: Also, these devices are too complicated to oper-
.. ate and thus can not be used in a physical-therapy pro-
.0 gram: Furthermore, the average individual can not
i make use of the known dewces, since they are usually
L cqstly to purchase and expensive to maintain.

“ouya o As some of examples of exercising machines, one
S ?_imlght cons:der the following issued United States pa-
Gl oo tentsti

Us. P'at No. 1 909 002 (Oehlberg) provides an or-

;]_'thcpedlc. device primarily for use by children for the
.. . purpose of correcting weaknesses in one or two limbs,
+ . . where thére is an imbalance with respect to the corre-
.. sponding limbs or the other side of one’s body. The
I 7 . invention consists of rotatable handles and peddles in-
Lo terconnected by a common chain; and the alleged prin-
Wi o cipal advantage is that the respective handles and ped-
o oo dles can be adjusted relative to one another to vary the
1 phase or relative position of the various extremities, so
4 that motion may be either reciprocatory or unisonous.
i now . Thus, the user thereof must apply all four limb forces to
.. . the device simultaneously, and there is no relative inde-
ﬁ'ﬁf*fﬁ.'.f:ﬁ.:g;.;:',pendeﬁce to effect motion of only one limb.

Varlatlcms of the Oehlberg concept are found in the

patents to Sbarra (U:S. Pat. No. 2,783,044), Nies (U.S.
. Pat: No. 3,572,699), Grant (U.S. Pat. No. 3,824,993) and
.. Hooper (U.S. Pat. No. 4,188,030). In all of these dis-
<. closed devices, one may use just his hands or his legs to
. effect. rotation of a wheel. In all cases, however, there is
... no -apparent opportunity for independence between
=7 opposed limbs, such as right leg/left arm, or any se-
-+ lected combination thereof.

SRR - U.S. Pat. No. 3,742,940 to Phiffer discloses an impact
.o pressure therapy apparatus used by a patient for rehabil-
.. itation of one leg or hip at a time, and is motorized to
Y faC111tate motion of the impaired leg.

“There is a physical-coordination training device dis-

ii:-'v,:e;;if:;--;:;:f'gl'::_;:;'fl;_j___-;@l'___J_c:losed in U.S. Pat. No. 3,976,058 to Tidwell which
i includes a frame structure having right and left hand
‘L0 levers,and right and left foot levers pivotally connected
Seliea o tothe frame, with right and left connecting links pivot-
i allys .connected: between the right-hand and left-foot

]evers, respE:CthEIY
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2
SUMMARY OF THE INVENTION

The present invention has for an important object to
provide a physical rehabilitation and exercise apparatus
that is particularly designed to overcome the problems
now existing in known therapy apparatuses which do
not have a wide range of varying operational arrange-
ments to aid in the rehabiliation of disabled and handi-
capped individuals.

Another object of the present invention is to provide
a physical rehabilitation and exercise apparatus that can
be used by stroke victims, for example, who are para-
lyzed and have loss of movement in one or more limbs.

Still another object of the invention is to provide a

device of this type that can be readily ad_]usted toa

particular individual for selective limb exercising when
he or she does not have use of all four limbs due to
stroke or other ailments.

A further object of the invention is to provide an
apparatus of this character that includes a frame struc-
ture having an adjustable seat that enables the user to
walk into the apparatus and sit with a minimum of ef-
fort, whereby he or she is positioned in the apparatus
with the right and left feet placed on and attached to
respective foot-support guides, while the hands are
positioned to engage or grasp the respective handle
bars.

A still further object of the invention is to provide an
apparatus of this character that utilizes a hydraulic sys-
tem which includes four hydraulic cylinders, each being
associated with a respective arm and leg of the user, and
a plurality of valve units, whereby each cylinder can be
selectively caused to exercise the attached limb by the
movement of any one of the user’s active limbs.

It is a further object of the invention to provide a

rehabilitation apparatus for partially paralyzed victims
that is readily adjustable for selective limb exercises by
means of the proper selection of the hydraulic valve
members.

It is still a further object of the invention to provide a
device of this character that is easy to service and main-
tain, and has relatively few operating parts.

Still another object of the present invention 1s to
provide a device of this character that is relatively inex-
pensive to manufacture, and is simple yet rugged in
construction.

The characteristics and advantages of the invention
are further sufficiently referred to in connection with
the accompanying drawings, which represent one em-
bodiment. After considering this example, skilled per-
sons will understand that varnations may be made with-
out departing from the principles disclosed; and I con-
template the employment of any structures, arrange-
ments or modes of operation that are properly within
the scope of the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring more particularly to the accompanying
drawings, which are for illustrative purposes only:

FIG. 1 is a side-elevational view of the present inven-
tion showing an outline of an individual seated in one of
the several operating positions;

FIG. 2 is an enlarged cross-sectional view of the
framework of the device taken substantially along line
2—2 of FIGQG. 1 thereof;

F1G. 3 is a top-plan view of the apparatus, without
the seat connected thereto;
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FIG. 4 is an enlarged cross-sectional view taken sub-
stantially along line 4—4 of FIG. 2;
FIG. S 1s an enlarged cross-sectional view taken sub-

stantially along line 5—35 of FIG. 2;
FIGS. 6A and 6B are diagrammatic layout drawings

of the hydraulic system, and the associated arm-and-leg-

operating devices;
FIG. 7 is a perspective view of the foot-support mem-

ber attached to the transport-block member; and

FIG. 8 is a perspective view of the handle-bar attach-
ment and its respective transport block.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring more particularly to FIG. 1, there 1s shown

the present invention which defines a physical-therapy

and exercise apparatus, generally designated at 10. This

apparatus is particularly suited for use in the rehabilita-

tion of disabled individuals such as stroke victims who
are often paralyzed on one side of the body or the other.
More often, the paralyzed side inactivates both the arm
and the leg on that side. The present apparatus 1s de-
signed to be selectively adjustable to the user’s needs
with respect to the affected limbs that require exercise
and rehabilitation.

Accordingly, because of the unique structural and
operational arrangement of the present invention in
cooperation with a hydraulic system, indicated at 12,
the user thereof can selectively operate the hydrauli-
cally controlled elements by use of one or more of his or
her active limbs to assist in promoting an exercising
activity for the affected limb members—whether it be a
single arm, a single leg, or the combination of an arm
and a leg.

Physical-therapy apparatus 10 comprises a frame

structure adapted to operably support the hydraulic

system 12 and the respective arm-control and leg-con-

trol means 14 and 16. It should be noted that wvarious

structural arrangements are contemplated, and the
structure herein disclosed i1s an example thereof com-

prising a front-support member or strut 18, an inter-
mediate-support member or strut 20, and a rear-support

member or strut 22. Mounted to rear strut 22 is a base
member 24 which extends rearwardly and in which an

adjustable chair or seat means 26 is mounted. The chair

means includes a chair 28 supported by a post 30 which
1s secured to base member 24. Support post 30 includes
an adjustable means 31, whereby chair 28 is adapted to
be rotated about the axis of post 30, and 1t further pro-
vides a means to raise or lower the chair to a height
suitable to the user. Thus, the patient can be seated at a
comfortable position in accordance with his or her dis-
ability, allowing the individual to be aligned with the
various control means for maximum operation thereof.

As 1llustrated in FIGS. 1 and 2, both the arm-control
means 14 and the leg-control means 16 are secured
between the rear and intermediate strut members 22 and
20, respectively. Arm-control means 14 is preferably
located chest high to allow the user’s arm to be genicu-
lated in a generally horizontal plane. The leg-control
means 16 i1s located under the arm-control means, and
preferably at a proper height level with respect to seat
34, or at a suitable position between the seat level and
just above the floor level. FIG. 1 illustrates the leg-con-
trol means horizontally located at the approximate level
of seat 35, whereby the legs of the user are allowed to
bend in exercising movements.
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The arm-control means is defined by a pair of arm-
control actuators comprising handle bars 36 and 38,

handle bar 36 being arranged to be held by the right
hand of the user, and handle bar 38 being oppositely

disposed thereto so as to be held by the user’s left hand.
Thus, the right handle bar 36 and left handle bar 38 are

slidably supported by a carriage means comprising a

pair of paralle] slide-bar members 40. Each bar member

is attached at one end to the horizontal truss member 42

of vertical strut 20, and at the opposite end to the hori-

zontal truss member 44 of vertical strut 22, whereby
each pair of slide bars 40 1s held in a fixed, horizontal,
juxtaposed arrangement with respect to the other. Shid-

ably supported on each pair of slide-bar members 40 1s
a bearing block 46, more clearly illustrated in FIG. 8.

Bearing block 46 is formed having a pair of horizontally
aligned bores 48 through which the respective slide-bar
members 40 are received. Thus, each bearing block is
adapted to readily slide back and forth on bars 40 in a
reciprocating motion during the operation of the appa-
ratus.
The right-arm and left-arm handle bars 36 and 38 are
mounted to their respective bearing blocks 46 by means
of a tubular sleeve member 50 which includes a support
arm 52 secured to bearing block 46 by any suitable
means, such as welding or (as shown) a base plate 54
and screws 56. The connecting ends of handle bars 36
and 38 are provided with a plurality of spacedapart

holes 58 that correspond to spaced-apart holes 60
formed in sleeve member 50, whereby a locking means,

such as pin 62, can be inserted therethrough so as to

selectively position the right and left handle bars, as
desired.
Leg-control means 16 comprises a right foot or leg

support actuator 64 and a left foot or leg support actua-
tor 65. Each leg actuator includes a foot-support mem-

ber 66 defined by a shoe plate 68 having a heel member

69, each foot-support member 66 being pivotally

mounted to its respective bearing block 90 by means of
pivot pin 92 fhixed to block 90, the pin 92 extending
outwardly therefrom to receive pivot-sleeve member 94
which is secured to the underside of foot-support mem-

ber 66. It is contemplated that each foot-support mem-
ber 66 will include securing means such as straps 96 and

98, whereby the inactive legs can be secured to the

respective foot-support unit 64 and 65. Bearing block 90

is slidably mounted on a pair of juxtaposed slide-bar
members 100. These bar members are shown vertically
aligned, but may also be horizontally aligned, as are bars
40. Again, slide bars 100 are attached between struts 20
and 22, their ends being secured to truss members 102
and 104 of vertical struts 20 and 22, respectively.
Hydraulic system 12 comprises four hydraulic cylin-

der motors 106, 107, 108 and 109. Each of the hydraulic
motors is mounted between the front and intermediate
struts 18 and 20, the opposite ends of the hydraulic
motors being secured to their respective horizontal
truss members 42, 102, 110 and 112. Accordingly, each
hydraulic cylinder motor includes a piston and a respec-
tive piston rod. Right-hand motor 106 includes piston
106a and rod 1065, the free end of rod 1066 being at-
tached to bearing block 46 of the right-hand handle bar
36 by an attaching means 115. Left-hand cylinder motor
107 includes piston 1072 and piston rod 1075, the free
end thereof being attached to bearing block 46 of the
left-hand handle bar 38.

For the foot control, right-foot motor 108 includes
piston 108a and rod 1085, the free end of rod 1085 being




j.spondmg reciprocal action on the right handle bar 36,
‘i . thus;causing the block bearing to slide back and forth
wo i along slide bars 40. Thus, the same is true with respect

B tespective nght and left foot units.

reciprocal :movement of the left handle bar 38. The
oo right-foot and left-foot hydraulic motors will corre-

. sPondmgly effect reciprocal movement for each of their

_i-'_arrangement by which the operator thereof will move
. lo. . his or her arm.in a back-and-forth motion, the legs also
e being. allowed to move in a back-and-forth motion with
.o the opposing limbs. That is, when the right leg is ex-
oo tended or retracted, the left arm will also be extended or

- retracted; conversely, the left leg is retracted when the

: ':' left foot cylinder 109 at port 122, with V1 adjusted to

4,550,908
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I S .cbnne:c.ted to block bearing 90 by attaching means 117.
o0 oo Hence, piston rod 1085 is interconnected to the right-
w0 o foot unit | 64 Piston 1092 and rod 1095 of hydraulic

... motor 109.are interconnected to the left-foot unit 65.

From the above-described structural arrangements, it

i tf::ﬁ?.can be readily understood that the reciprocating action
oo oo of right-hand hydraulic motor 106 will effect a corre-

" to left-hand motor 107 which activates a corresponding

N _“_tllS to prov1de -an operatlonal valve-control system
doe 0 which includes eight valves, as illustrated in the dia-
s gramof FIG. 6. Valves V1, V2, V3 and V4 are suitable
A j:;;;:j._;-.-'three-way valves: such as produced by Whitey Com-
S pany of Ohio. Valves V5 and V7 are four-way valves,
~and. the remaining valves V6 and V8 are five-way
e T " The. _arr_ange_;ment- of such a valve system allows the
'f-ajppa_r;atus_:to-;be-- controlled so as to provide a selective
Gl oo exercise for a patient or handicapped individual chosen
i fromea variety of operational possibilities. Thus, physi-
b cal-coordination training:is now possible to meet a par-
A e ticular need of a disabled person. By proper selection of
a given set of valves, the:present apparatus can provide
G L a means by which arm and leg motions can be selec-

”i'.twely coordinated in accordance with individual need.

As an example, FIG. 6 illustrates the selective valve

oo right leg is extended, and the right arm is retracted
b o whenithe left arm is extended. Thus, this opposing limb
W'l action is analogous to a circadian crawl. Such selected
S motion arrangements would clearly benefit a
o2t victimy:who is typically paralyzed on one side of the
j;-'j_:,_btjdy, because he or she can use the healthy limbs to
assist /in -exercising the disabled ones. For example, if
'___'_one 1S paralyzed on the left side, the right limbs are then
e ;:.-_;used to power the apparatus.

stroke

Port 120 of valve V1 is connected by line 121 to

s allow flow through ports 124 and 126. Port 124 is con-
i ' nected to port 123 of valve V6 by line 127, and port 126
L O I Y conn_ected to port 128 of valve V2 by line 129. Port
Lt o 1300of ' V2'is connected by line 131 to port 132 of the
o left-hand cylinder 107, and port 133 of cylinder 107 is
e R connected to port 134 of valve V7 by line 161. Port 135
S of VT is connected to port 136 of valve V8 by line 137,

e and port 138 is connected to port 140 of valve VS by
Lo line 139, port 142 of V7 being connected to port 144 of
valve V6 by line. 143. V6 includes ports 146 and 148,

l e port146.being connected by line 147 to port 150 of V8,

e and port 148/being connected by line 149 to port 152 of
L VS, Port 154 of VS is connected by line 1535 to port 156
i of V8, and port 158 of V8 is connected to second port
Lot 160-of cylinder 109:by: line 159.

s Line 163 connects port 164 of V6 to port 166 of right-
. hand cylinder 106, and line 165 interconnects port 168
oo of eylinder 106 to port 160 of valve V3. Port 172 of V3

10
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is connected to port 174 of V8 by line 175, while port
176 of V3 is connected to port 178 of valve V4 by line
179. Port 180 of V4 is connected to port 182 of V2 by
line 183. Port 184 of V4 is connected by line 183 to port
186 of right-foot cylinder 108, with port 188 of cylinder
108 being connected to port 190 of line 191.

When the circadian crawl is to be employed as de-
scribed, passage 192 of each valve is positioned as fol-
lows:

V1 is positioned connecting ports 120 and 126;

V2 is positioned connecting ports 128 and 130;

V3 is positioned connecting ports 170 and 176;

V4 is positioned connecting ports 178 and 184;

V5 is positioned connecting ports 190 and 154;

V6 is positioned connecting ports 144 and 164; .
V7 is positioned connecting ports 134 and 142; and
V8 is positioned connecting ports 156 and 158.

Accordingly, when the right-foot piston 108z is in a
retracted position, the left-foot piston 109z i1s in the
opposite extended position, and the right-hand piston
1064 is also in an extended position while the left-hand
piston 1074 is in a retracted position. Thus, for example,
any movement of the right hand and right foot of the
individual will cause the left foot and left hand to react

- conversely with respect to the limb movements. There-
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fore, it can be readily understood that by selecting the
position of each valve, various operational arrange-
ments can be achieved, such as the following examples:
Left and right hands move in the same direction, while

left and right feet move together in the opposite di-

rection from the hands;

Right foot and left hand move in opposite directions;
Left hand and left foot move in opposite directions;
Right hand and right foot move in opposite directions.

If the operational movements of the apparatus are to
be changed (for example, to allow the left and right
hands to move together, and the left and right feet to
move together, but in the opposite direction from the
hands), then V1 through V4 remain in the positions
shown and described above; passage 192 is repositioned
in V5 to connect ports 190 and 140; V6 is repositioned
so that passage 192 connects port 134 to 138; and V8 is
repositioned to connect ports 158 and 150.

Hence, as long as the individual has at least one
moveable limb member, the remaining inactive limbs
can be exercised.

The invention and its attendant advantages will be
understood from the foregoing description; and it will
be apparent that various changes may be made in the
form, construction and arrangement of the parts of the
invention without departing from the spirit and scope
thereof or sacrificing its material advantages, the ar-
rangement hereinbefore described being merely by way
of example; and I do not wish to be restricted to the
specific form shown or uses mentioned, except as de-
fined in the accompanying claims.

I claim:

1. A physical-rehabilitation and exercising apparatus
for the handicapped and disabled individual, wherein
the active limb members of the user assist in rehabilitat-
ing and exercising the inactive limb members, said appa-
ratus comprising:

a frame structure;

a chair-support means mounted to said frame struc-

ture and adapted to support the user thereof while

operating said apparatus;
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arm-control means slidably mounted to said frame
structure for reciprocal horizontal movement
along satd frame;

leg-control means slidably mounted to said frame

structure for reciprocal horizontal movement
along said frame, said leg-control means being posi-
tioned below said arm-control means; and

wherein said arm-control means and said leg-control
means are adapted to be reciprocally actuated in an

individual selective manner in accordance with the

user’s requirements;

means for selectively controlling the reciprocating
action of said arm and leg control means.
2. An apparatus as recited in claim 1, wherein:

said arm-control means includes a right-arm-control
actuator and a left-arm-control actuator; and

satd leg-control means includes a right-leg-control

actuator and a left-leg-control actuator.

3. An apparatus as recited in claim 2, wherein said
means for controlling the reciprocating action of said
control actuators comprises a hydraulic system includ-
ing:

a first hydraulic cylinder motor connected to said

right-arm-control actuator;

a second hydraulic cylinder motor connected to said

left-arm-control actuator: | .

a third hydraulic cylinder motor connected to said

right-leg-control actuator; and

a fourth hydraulic cylinder motor connected to said

left-leg-control actuator; and

a plurality of valves adapted to be selectively ar-
ranged to establish predetermined sequences of
operation for said hydraulic cylinder motor,
whereby said control actuators are activated in
corresponding sequential movements.

4. An apparatus as recited in claim 3, wherein each of

said right and left arm-control actuators comprises:

an adjustable handle-bar member on which the user’s
hand is placed when he or she is in a seated posi-
tion;

reciprocal carriage means forming part of said frame
structure, and wherein said handle-bar member is
adjustably mounted thereto, each of said carriage
means being connected to respective hydraulic
cylinder motors; and

4,550,908
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8

means for adjusting said handle bar rotationally and
longitudinally with respect to said carriage means.
5. An apparatus as recited in claim 4, wherein each of

said right and left leg-control actuators comprises:

a foot-support means adapted to receive and support
the foot of the user thereof;
means adapted to releasably secure said foot of the

user to said foot-support means; and
a second reciprocal carriage means forming part of

said frame structure, said foot-support means being

mounted to said carriage means.

6. An apparatus as recited in claim 5, wherein said

reciprocal carriage means for said right and left arm-
control actuators comprises:
at least one bearing rod horizontally disposed and

secured to said frame structure; and
a bearing block slidably mounted on said bearing rod,
wherein said bearing block is connected to said

respective first or second hydraulic cylinder mo-
tor, and wherein said respective handle-bar mem-

bers are attached to said respective bearing blocks
of each right and Ileft arm-control actuator,
whereby the active arm or arms of the user can
establish a means to activate said hydraulic system
in accordance with the selective arrangement of
satd valves.

7. An apparatus as recited in claim 6, wherein each of

said reciprocal carriage means of said right and left
leg-control actuators comprises:

at least one bearing rod horizontally disposed and
secured to said frame structure; and

a bearing block slidably mounted on said bearing rod,
wherein said bearing block is connected to said

respective third and fourth hydraulic cylinder mo-
tors, and wherein said respective foot-support
means 1S mounted to said bearing blocks of said
right and left leg-control actuators, whereby the
active leg or legs of said user can establish a means
to activate said hydraulic system in accordance
with the selective arrangement of said valves.

8. An apparatus as recited in claim 7, wherein said

chair-support means includes:
an adjustable chair mounted to said frame structure:
means to adjust said chair in a vertical position; and

means to rotate said chair about a vertical axis.
X - 4 *® -
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